Fluid drained from a muscle tissue sample was used as an alternative to serum for the detection of specific anti-Salmonella antibodies in an indirect LPS enzyme-linked immunosorbent assay (ELISA). In the first study, serum and muscle fluid from 3 pigs experimentally infected with Salmonella typhimurium showed parallel dilution-response relationships when ELISA optical density (OD) values were plotted against sample dilution. ELISA results obtained with serum diluted 1:400 corresponded to those from muscle fluid diluted 1:30. In a second study, using the predetermined dilutions of individually paired serum and muscle fluid samples from 103 pigs, a high degree of concordance between the serum ELISA and the muscle fluid ELISA was observed. Limits of agreement between the 2 methods were calculated as Ϫ8.9 to 12.3 OD%, which was considered acceptable. The muscle fluid ELISA had specificities of 0.91-1.0 and sensitivities of 0.80-0.89 at various cutoff values as compared with the serum ELISA. Muscle fluid is a useful postmortem alternative to serum when used with an ELISA to detect anti-Salmonella antibodies.
Serologic techniques are used frequently in veterinary medicine for diagnosis and disease surveillance and monitoring. Generally, serologic assays are designed for the detection of antibodies in serum. However, serum is usually not available for examination postmortem. The use of alternative materials for analysis has been described. Organ extracts from euthanized Encephalitozoon cuniculi-infected rabbits were suitable for serodiagnosis using the India-ink immunoreaction. 8 In another study, 5 extracts from homogenized muscular tissues of pigs were used in the Sabin-Feldman dye test for the diagnosis of toxoplasmosis. With both methods, the preparation of tissue extracts involved time-consuming extraction and centrifugation. Another technique, the diffusion-in-gel (DIG) enzyme-linked immunosorbent assay (ELISA) has been successfully used for the detection of antibodies in a number of situations. 3, 4, 7 These methods are all suitable for small scale analyses. They are, however, unsuitable for large scale serologic testing because they are both time consuming and labor intensive.
A sensitive and specific ELISA, designated mix-ELISA, has previously been described for the detection of Salmonella anti-LPS antibodies in serum from pigs. 16 The mix-ELISA was designed for monitoring Salmonella in slaughter pigs. 1 Collection of blood samples from individual carcasses is, however, inconvenient in Danish abattoirs. The identity of Danish slaughter pigs is branded on the hind quarter using a tattoo hammer at the time they leave the farm. This tattoo is not legible until the carcass has been dehaired and polished. After slaughter, the herd of origin of each carcass is recorded when the carcass is weighed. Thus, it would be ideal to postpone the collection of serologic samples until after the identity of the carcass has been recorded.
The objective of the present study was to investigate the use of fluid released from muscle samples as an alternative to serum for ELISAs.
Materials and methods

Study design
The investigation was divided into 3 parts. In the first experiment, 3 pigs were experimentally infected with Salmonella typhimurium to determine dilution profiles for serum and muscle fluid. In the second experiment, 27 and 76 pigs, respectively, from 2 herds, were used to determine the concordance between the serologic values obtained by fixed dilutions of serum and muscle fluid in an ELISA method. In the third experiment, the same pigs were used from study 2 to examine the possible relationship between volume of muscle fluid released and pH of muscle fluid and the possible influence of this on the ELISA results. Experiment 1: experimental infection with Salmonella typhimurium. Three pigs (25 kg) were inoculated orally with approximately 10 8 colony-forming units of S. typhimurium to produce antibody-positive S. typhimurium reference serum as described previously. 6 The pigs were euthanized 2-3 wk after inoculation, and blood and diaphragmatic muscle samples were collected. Experiment 2: concordance between serum and muscle fluid results. Twenty-seven and 76 pigs, respectively, were selected from 2 herds (A, B). Paired blood and diaphragmatic muscle samples were collected from herd A pigs, and paired blood and sternomastoideus muscle samples were col- lected from herd B pigs. Serum was frozen at Ϫ20 C until analyzed. Muscle tissue was processed as described below. 
Muscle fluid
A 3 ϫ 1 ϫ 1 cm piece of the selected muscle was excised from each carcass approximately 1 hr after slaughter. In experiment 1, the muscle sample was placed in a 50-ml plastic tube, whereas in experiment 2 the muscle sample was placed in a sample container a designed to facilitate separation of fluid from the muscle tissue. The sample container has 2 parts ( Fig. 1 ). The upper part holds the tissue. After thawing, muscle fluid is passively released and flows down through a hole into the lower part of the sample container. The lower part consists of a simple tube for the collection of muscle fluid. The two parts of the muscle fluid container are separated after the fluid is released and the tube containing the fluid can be used as an ordinary storage tube for the sample. In experiment 1, the procedure for excision, freezing, thawing, and draining was not fully developed. However, in experiment 2 the procedure was optimized. The muscle was frozen at Ϫ20 C overnight and subsequently allowed to thaw at 4 C during the next day. Released fluid was collected from the bottom of the tubes after 24 hr of thawing, transferred to Eppendorf tubes, and stored at Ϫ20 C until use.
ELISA
All samples of serum and muscle fluid were analyzed in an indirect Salmonella LPS ELISA, designated mix-ELISA. 6 The mix-ELISA detects antibodies to the O-antigenic factors 1, 4, 5, 6, 7, and 12. The ELISA procedure was as follows. LPS from S. tyhimurium and S. choleraesuis were mixed and incubated overnight in microwell plates. b Sera were diluted 1:400 and incubated for 1 hr and then washed. Horseradish peroxidase-labeled rabbit antiserum to swine Ig, c diluted 1: 2,000, was added to the wells and incubated for 1 hr followed by washing and addition of H 2 O 2 /1,2 orthophenylenediamine dihydrochloride. d All incubations took place at room temperature. Calibrated optical densities (ODs) were obtained through regression analyses on positive and negative reference sera ODs and were expressed as OD%. 6 Values Ͼ10 OD% were considered seropositive. The ELISA procedure using muscle fluid was identical to the serum ELI-SA procedure except that different dilutions were employed. In experiment 1, samples diluted 1:100, 1:200, 1:300, 1:400, 1:500, 1:600, 1:700, 1:800, 1:900, and 1:1,000 were compared with fluid at dilutions of 1:10, 1:20, 1:30, 1:40, 1:50, 1:60, 1:70, 1:80, 1:90, and 1:100. In experiments 2 and 3, serum was diluted 1:400 and muscle fluid was diluted 1: 30.
Statistical analysis
Measurement agreement between serum ELISA and muscle fluid ELISA was calculated 2 and expressed as limits of agreement. The difference (serum OD Ϫ muscle fluid OD) was calculated for all pigs. Subsequently, the mean difference (x d ) and the standard deviation of the differences (SD d ) were calculated. Limits of agreement were calculated as x d Ϯ 2SD d . The F-test for comparison of variances was performed to compare the limits of agreement from herd A and herd B.
Specificities and sensitivities for the muscle fluid ELISA as compared with the serum ELISA at cutoffs of 10 OD%, 20 OD%, and 30 OD%, respectively, were calculated as specified below. The measurement errors on the serum ODs were assumed to be nil. Specificity was defined as the proportion of serum-negative samples that was also fluid negative. Sensitivity was defined as the proportion of serumpositive samples that was also fluid positive. Thus, in this context, the serum measurement was taken as the ''gold standard.'' Unweighted Pearson correlation coefficients for the relationship between fluid volume and the OD% difference (fluid OD% Ϫ serum OD%) and the OD% ratio (fluid OD%: serum OD%), respectively, were calculated. Bivariate normality was assumed. The muscle fluid volume was modeled as a function of the fluid pH by linear regression analysis. The fluid volume data were assumed to be normally distributed and had equal variance and residual mean zero along the regression line. For the residuals, the Shapiro-Wilks test of normality resulted in P ϭ 0.11. were reasonably parallel, with approximately 10-fold dilution difference (Fig. 2) . The optimal serum dilution in the mix-ELISA has previously been determined to be 1:400. 6 The optimal correspondance between serum 1:400 OD values and fluid OD values was achieved at a fluid dilution of 1:30. Experiment 2. The concordance between the results obtained in the serum ELISA and muscle fluid ELISA was high (Fig. 3) . However, the concordance between serum and muscle fluid results differed between herds A and B ( Table 1 ). The mean differences of OD%, the standard deviation, and consequently the limits of agreement were lower for herd A than for herd B. The F-test for comparison of variances showed a significant difference between the 2 herds (P ϭ 0.0018), indicating that the diaphragm muscle might be superior to the sternomastoideus muscle for fluid production. Twenty-six of the 27 pigs (96.3%) from herd A and 73 of the 76 pigs (96.1%) from herd B had OD% differences inside the limits of agreement. The speci-ficities and sensitivities for muscle fluid determinations versus serum determinations at cutoffs for serum OD% at 10, 20, and 30, respectively, are shown in Table 2 .
Results
Experiment
Experiment 3. The volume of fluid released per gram of tissue was calculated (x Ϯ SD) to be 76 Ϯ 22 l for the diaphragma and 81 Ϯ 36 l for the sternomastoideus muscles, respectively. There was a slight negative correlation (r ϭ Ϫ0.29) between the quantity of fluid obtained per gram of tissue sample and the difference between the fluid OD% and the serum OD%. The correlation was, however, not significant (P ϭ 0.2) under the assumption of bivariate normality. For the ratio of fluid OD% and serum OD%, the correlation coefficient and significance were quite similar.
The pH of the fluid ranged from 5.16 to 6.10, with 90% of the samples between 5.30 and 5.80. The volume of fluid produced was likely to be affected by the pH. The regression analysis resulted in the following estimated relationship between pH and microliters of fluid: l fluid ϭ 375 Ϫ 53 ϫ pH. The relationship was Ϫ4.7 to 5.7 Ϫ9.7 to 13.9 Ϫ8.9 to 12.3 not, however, significant (P ϭ 0.14 under the assumptions).
Discussion
The presence of antibodies in different tissue fluids has been recognized previously and has been utilized in a number of tests. 3, 4, 7, 8 The present investigation confirmed these observations and additionally demonstrated a clear relationship between the antibody level in serum and that in muscle tissue fluid.
The production of the fluid by freezing and thawing tissue and then draining the fluid is very suitable for large-scale analyses, mainly because the procedure is simple and may be automated. A relatively large variation in the volume of fluid per gram of tissue was observed, which possibly resulted in a slight dilution of the specific antibodies present as shown by a ten- dency towards lower OD% for fluid than serum with increasing fluid volume. This effect was, however, not significant. A number of factors may influence the release of fluid from muscle tissue, e.g., the residual content of blood in the tissue, the level of preslaughter stress in the pigs, and the associated effects on glycogen content in the muscle and pH postslaughter and the presence of fascias in the tissue, which obstructs the release of fluid and affects the speed of freezing and thawing. The fluid most likely consists of a mixture of serum, lymph, and released intracellular liquid and may be regarded as a physiological dilution of serum. However, a specific biochemical characterization of the components of the fluid has not yet been done. The titration curves for the 3 pigs experimentally infected with S. typhimurium (Fig. 2) indicated that muscle fluid may be considered a dilution of serum. The choice of a fluid dilution of 1:30 as the best match to the serum dilution 1:400 was confirmed in experiment 2, where the comparison of fluid and serum resulted in very similar OD% when the diaphragm muscle and to a slightly lesser degree when the sterno-mastoideus muscle were used. However, it is not possible based on the data from the present study to conclude that fluid from the diaphragm is a more suitable antibody source than fluid from the sternemastoideus muscle. Paired serum samples and fluid samples from several muscles from many swine originating from several different herds must be compared before a definitive conclusion can be reached. The calculated limits of agreement from both herds were acceptably low for most purposes. Assuming there is no general difference in antibody level in fluid from the diaphragm and from the sternomastoideus muscle, the limits of agreement on the pooled data from the 103 pigs predict that 95% of all muscle fluid values will be between Ϫ8.9 OD% and 12.3 OD% of the corresponding serum values. The calculated specificities and sensitivities for the cutoff values 10, 20, and 30 OD% also demonstrate a high concordance between serum ODs and muscle fluid ODs.
The present study demonstrated that muscle fluid can be used as an alternative to serum for serologic detection of specific Salmonella antibodies in the mix-ELISA. Muscle fluid may be useful as an antibody source in other serologic techniques, not only in pigs but in other animal species. Muscle fluid as a sample type could have the same advantage for screening for antibiotic residues, natural and artificial hormones, enzymes, acute phase proteins, interleukins, etc. However, detailed chemical and immunologic studies will be required to determine the distribution of such substances in muscle fluid as compared with serum. Also, it is not yet known whether any other muscles in the pig are as suitable for testing as the diaphragm and sternomastoideus muscles.
